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SPECIFICATION 

TO ALL WHOM IT MAY CONCERN: 
Be it known that I, 

Carlo CANTERI 
Italian citizen 
of BOSCO CHIESANUOVA - ITALY 

have invented certain improvements in 

"METHOD FOR REPAIRING, WATERPROOFING, INSULATING, 
REINFORCING, RESTORING OF WALL SYSTEMS" 

Of which the following description in connection with the accompanying 
drawings is a specification, like reference characters on the drawmgs 
indicating like parts in the several figures. 
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The present invention relates to a method for repairing and/or 
waterproofing and/or insulating and/or reinforcing and/or restoring the 
structural mtegrity of wall systems. In particular, the method according to 
the invention is capable of increasing the mechanical strength of a wall 
system and/or of decreasing its permeability to flows of water and/or of 
reducing its thermal conductivity and/or other properties and can be 
performed even in the presence of water. 

p An^r^ROTTNTD OF TWF TNVENTION 
Walls or wall systems that constitute buildings are generally produced by 
superimposing or airanging side by side blocks of stone or brick or other 
materials, with the interposition of a binder based on Ihne or cement or 
other binding materials, without the presence of voids or cavities. 

Usually design sizing of such buildings is carried out in fact by 
considering the entire cross-section of the wall system as reactive, i.e., it is 
assumed that all of the cross-section of the masonry is involved in the 
support of the overlying loads; in other words, the presence of voids or 
cavities inside the wall system is excluded. In terms of strength, the design 
takes into account an allowable tension for the masonry that is determined 
by the contribution provided by the strength of the block of brick or stone or 
20 other material and by the contribution provided by the strength of the binder 
used, also by means of laboratory tests. 

Once the building has been completed, as time goes by, the bed of binder 
that is interposed between the blocks or part of the blocks themselves can be 
disaggregated by the surrounding action produced by water or air or other 
25 agents, or can be conveyed elsewhere by filtering streams or can be altered 
by the chemical action induced by various phenomena, including 

atmospheric ones. 

This reduction of material within tiie wall cross-section causes the 
presence of voids of various sizes, with a consequent net reduction of the 
30 effective resisting cross-section, a reduction in the allowable tension or an 
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increase in permeability and other effects. 

In some cases, this reduction in strength can cause the collapse of the 
building. 

In other cases, entirely intact wall systems which however contain voids 

5 might no longer perform their function correctly because they are subjected 
to boundary or limit conditions that were not planned for during design, 
such as for example the generation of tensions affecting the wall system 
with a different intensity or direction with respect to the design, or the 
presence of fluid adjacent to the walls of the wall systems, with consequent 

10 filtering motions between the blocks, or the need for greater thermal 
insulation on the part of the wall system, or tiie need to improve the 
cohesion of the wall structure, or other conditions. 

Various systems are known for ensuring in any case the securing of the 
masonry and its regeneration. These are generally systems that tend to 

15 rebuild the wall body by means of so-called "stitch and unstitch" operations, 
i.e., delicate operations that consist in partial removals of deteriorated 
bodies, combined with temporary supports of the complementary masonry 
with auxiliary structures such as props, boards, ties, or others and the 
complete replacement of the removed parts. This method, in addition to 

20 being highly invasive, requires very long execution times and very high 
costs. 

Other wall consolidation systems are known which consist in "choking", 
or "hooping", or the like, the deteriorated masonry. These systems provide 
for the aid of auxiliary elements to ensure the recovery of the strength of the 

25 wall body, such as for example props, ribs, bars or others. These methods, in 
addition to being highly invasive, modify the original structure and 
geometry of the wall body, introducing new metallic elements or others that 
remain visible to the observer. The costs for the application of these 
methods are generally very high. 

30 Moreover, other systems are known which provide for the injection. 
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horizontally or in any case at right angles to the two larger opposite faces, in 
the wall system, of cement or chemical mixtures, possibly with additives, in 
order to fill the voids that have formed. The mjections performed 
horizontally and at right angles to the surface of the wall, in order to ensure 
5 that all the voids are reached, must be very numerous, also for the reasons 
that will become better apparent hereinafter, and therefore the procedure 
becomes long and onerous. Moreover, the mixtures used, which generally 
do not expand or have extremely low degrees of expansion, are injected at 
low pressure by using electric pumps or other devices or by gravity, most of 
10 all to avoid the risk of damaging the walls irreversibly. In the methods 
described above, therefore, a non-expanding or low-expanding material is 
used which, again to avoid damaging the wall system irreversibly, has a 
negligible expansion force (which may even not be known) that is most of 
all uncontrolled and impossible to dissipate. 
15 For all of these reasons, with these methods it is very difficult to ensure 
both the filling of the all the voids, including the ones located furthest from 
the injection point, and the complete filling of vertically extended cavities. 
Finally, indeed because of the cited characteristics, these methods are 
unable to induce in the masonry a state of tension whereby the mechanical 
20 characteristics of the wall system are improved considerably with respect to 
the situation prior to the intervention. 

ST JMMARY OF THR INVENTION 
The aim of the present invention is to provide a method that allows to 
repair and/or waterproof and/or insulate and reinforce and/or restore the 
25 structural mtegrity of wall systems effectively and durably and with 
execution costs that are distmctly lower than those of the systems currently 
in use. 

Within this aim, an object of the invention is to provide a method that 
can be adopted without problems even if the wall system or part thereof is 
30 immersed in water. 
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Another object of the invention is to provide a method that does not 
require the complete replacement of the elements that constitute the 
deteriorated wall system and does not provide for the use of auxiliary 
structures, including visible ones, suitable to increase the allowable strength 
5 of the system or the resisting cross-section of said masomy or decrease its 
permeability. 

Another object of the invention is to provide a method that is simple and 
rapid to perform, ensures the safety of the building during and after the 
execution of the method, allows to reconstitute the structural integrity of the 
10 wall system, and ensures a distinct decrease m the permeability of the wall 
system and/or ensures a reduction in its thermal conductivity. 

This aim and these and other objects that will become better apparent 
hereinafter are achieved by a method for repairing and/or waterproofing 
and/or insulating and/or reinforcing and/or restoring the structural integrity 
15 of wall systems, characterized in that it consists: 

- in providing spaced injection holes within a wall system in a manner 
suitable to pass through cavities that exist in the wall system; 

~ in inserting injection tubes in said injection holes; 

- in injecting in said injection holes, through said injection tubes, a 
20 substance that expands after mjection as a consequence of a chemical 

reaction. 

RRTFF DFSCRIPTION OF THE D RAWINGS 
Further characteristics and advantages of the invention will become 
better apparent from the description of a preferred but not exclusive 
25 embodiment of the method according to the invention, illustrated only by 
way of non-lunitative example in the accompanying drawings, wherein: 

Figure 1 is a schematic view showing injection of the expanding 
substance through an injection hole formed in a wall system; 

Figure 2 is a schematic view illustrating the result of the expansion and 
30 consolidation of the expanding substance if it is injected while the injection 
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tube is gradually retracted upward along the corresponding injection hole; 

Figure 3 is a schematic view illustrating the resuh of the expansion and 
consolidation of the expanding substance if it is injected without retracting 
the tube; 

5 Figure 4 is a view illustrating the result of the expansion of the injected 
substance in the case of injections in multiple injection holes formed along 
the extension of a fractured wall system; 

Figures 5, 6 and 7 are views illustrating treatment methods prior to 
injection if the wall system has large cavities that lead to the outside of the 

10 wall system; 

Figure 8 is a view illustrating the monitoring of the injection achieved by 
introducing in the wall system piezometer pipes filled with water. 

nFSCRTPTIO>J OF THE PRFFFRRED EMBODIME NTS 
With reference to the cited figures, the method according to the invention 
15 substantially consists in producing, in a wall system 1 that contains voids or 
cavities 2, injection holes 3 which are spaced and whose number varies 
according to the requirements and the conditions of deterioration of the wall 
system 1. 

The injection holes 3 preferably run along directions that are 
20 substantially perpendicular to the surface of maximum extension of the 
cavities 2 inside the wall system 1 . 

If, as occurs more frequently, the wall system 1 is extended vertically, 
the injection holes 3 are preferably produced with a direction that is vertical 
or slightly inclined with respect to the vertical, since, as it has been 
25 assessed, the larger cavities 2 inside the wall system 1 are generally 
arranged horizontally (for example a wall of bricks), so as to be able to pass 
through the largest possible number thereof with every single injection hole 
3. Said injection holes 3 can be provided directly in the wall system 1, 
selectively, with different lengths according to the specific requirements 
30 estabUshed on the basis of previous study of the structure and preferably 
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With a distance between two contiguous injection holes that can vary 

between 0.20 and 2.00 m. 

The injection holes 3 can have variable dimensions according to the 
specific requirements, in any case with a diameter preferably comprised 
5 between 4 mm and 40 mm. hi some cases it may be necessary to provide the 
injection holes 3 in a direction other than vertical but in any case between 
the planes of arrangement of the two larger opposite faces of the wall 
system 1. 

The depth of the injection holes 3 also can vary according to the specific 
10 requirements, as will become better apparent hereinafter. 

Injection tubes 4 are then inserted or driven into the injection holes 3; 
said tubes are made of copper, PVC, steel or other material, and are suitably 
constituted by and/or treated with lubricating material in order to facilitate 
their sliding along the corresponding injection hole 3. 
15 Then a selected substance 5, called hereinafter "substance" that expands 
after injection by chemical reaction is injected through the mjection tubes 4 

into the wall system 1 . 

Preferably, during the injection the injection tubes 4 are gradually 
retracted along the corresponding injection hole 3 in the opposite direction 
20 with respect to the direction of insertion, so that the substance 5 distributes 
in the plurality of cavities 2 that the injection hole 3 passes through or are 
comiected thereto, with the purpose of involving, with a single operation, a 
vast volume of wall system 1 and of filling with the substance 5 a plurality 
of voids, interstices and cavities. 

In the most frequent case of a wall system 1 that is extended vertically 
and therefore has injection holes 3 that run vertically or are slightly inclined 
with respect to the vertical, the mjection tubes 3 are gradually retracted 
upward, during the injection of the substance 5, at a rate that is preferably 
variable, as will become better apparent hereinafter. 

The selected substance 5, once injected, as a consequence of a chemical 
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reaction among its components, expands with a potential volume increase 
comprised between 2 and 5 thnes the volume of the substance before 
expansion and generates a maximum expansion pressure in conditions of 
complete confinement that is normally comprised between 20 kPa and 200 
5 kPa, and is in any case selected to be always lower than the bursting limit 
pressure of the wall system 1 being treated. 

The maximum expansion pressure of said substance 5, as it has been 
established by way of studies carried out while devising the present method, 
greatly decreases for a minimal mcrease in volume of said substance as a 
10 consequence of the chemical reaction, and so as to ensure, if completely 
confined within a saturated wall cavity, a considerable reduction of the 
expansion pressure after minimal expansion and therefore after any minimal 
and tolerable deformations of the surrounding wall elements. In particular, it 
has been established that said substance has a strong reduction in maximum 
15 expansion pressure following an expansion thereof of even less than 5% of 
its initial volume. The term "dissipable" used in the present document, in 
this connection, is intended to express the mentioned concept. 

The used, selected substance 5, before expansion, has a permeability 
coefficient preferably equal to 10-9 m/s. 

The substance 5 has, before the beginning of the chemical expansion 
reaction, an average viscosity comprised between 200 mPa-s and 300 mPa s 
at 20 °C and in any case suitable to ensure the easy permeation of tiie 
cavities that can be reached by it as its exits from tiie injection tiibe 4 in the 
wall system 1 . 

25 The substance 5 has a reaction time, i.e., the time interval between its 
introduction in the injection tiibe 4 and tiie begimiing of tiie expansion 
process, tiiat is normally comprised between 3 seconds and 60 seconds so as 
to avoid, depending on tiie tiiickness and characteristics of tiie wall system 1 
to be subjected to the intervention, botii an excessive escape of tiie 

30 substance 5 from tiie treated masomy and a partial permeation of tiie voids 
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that are present inside the wall system 1. 

Directly after the beginning of the expansion process, the substance 5 
rapidly mcreases its viscosity until it becomes solid, i.e., with a viscosity 
that tends to infinity, once the reaction has ended; this time period is 
5 preferably comprised between 20 and 1 50 seconds. 

This characteristic is very important, also because it allows to inject the 
substance 5 even into wall systems in direct contact with moving water 
without the risk of washing it away and therefore conveying it out of the 
wall system. Moreover, said substance 5 is capable of performing regular 
10 expansion regardless of the presence of surrounding water. 

Once it has expanded and consolidated, the substance 5 cannot be altered 
by the presence of water, even if said water contains acids and/or rich in 
sulfates and/or carbonates and/or salts in general. 

Once consolidation has occurred, the substance 5 has good mechanical 
15 characteristics, at least equal to those of the disaggregated material that the 
substance 5 has replaced. These mechanical characteristics can be defined 
beforehand, within a certain margin, since they depend on the density of 
said substance 5 after expansion, which is directly a fimction of the density 
of the substance 5 expanded in free air and of the amount of substance 
20 mtroduced during the uijection step. 

In particular, said substance 5, once it has consolidated, preferably, is 
selected so as to have a tensile strength substantially between an average of 
180 NW at a density of 200 kg/m^ and 800 at a density of 500 

kg/m^ and a compression strength substantially between an average of 200 
25 NW at a density of 200 kg/m^ and 1300 NW at a density of 500 kg/m^ a 
property whereby it improves the mechanical characteristics of the treated 
wall system 1 even with respect to its original conditions, especially if one 
considers that usually the density of the injected and consolidated substance 
5 is higher than 500 kg/m^ and therefore its tensile strength and compression 
30 strength are even higher than indicated above, while the tensile strength of 
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conventional binders is practically zero. 

The substance 5, once it has expanded and consolidated, has a lower 

relative density than water. 

The selected substance 5 is conveniently constituted by a mixture of 
5 expanding polyurethane foam, preferably a closed-cell polyurethane foam. 
Said substance 5 can be constituted, for example, by a two-part (component) 
foam that is mixed inside a mixing unit of a known type, not shown for the 
sake of simplicity, which is connected to the injection tubes 4 and is served 
by a pump that ensures the pressure required to inject the substance through 
10 the injection tubes 4. The first component can be a mixture of polyols 
comprising a polyether polyol, a catalyst and water, such as that available 
under the name Uretek Hydro CP 200 A manufactured by the Dutch 
company Resina Chemie. The second component can be an MDI isocyanate, 
such as that available under the name Uretek Hydro CP 200 B manufactured 
15 by the same company. The mixing of these two components produces an 
expanding polyurethane foam whose density, at the end of expansion in firee 
air (i.e., without confinement), is at least equal to 200 kg/m^ and varies 
according to the volume of the cavities 2 that are present in the wall system 
1 and to the resistance opposed by the walls that delimit said cavities 2. 
20 Clearly, it is also possible to use other expanding substances that have 
similar properties without thereby abandoning the scope of the protection of 

the present invention. 

According to the requirements, the substance 5 can be injected, through 
the injection tubes 4 inserted in the injection holes 3, formed beforehand in 
25 the wall system 1, in a single injection step or, selectively, with partial 
interruptions, as shown in Figures 1, 2 and 4, starting firom below, while the 
injection tiibe 4 is gradually retracted upward at a rate tiiat is preferably 
adjusted according to tiie pressure and/or flow-rate of injection of the 
substance 5. 

30 If necessary, tiie substance 5 can also be introduced selectively by 
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perfonning localized injections in specific points of the wall system 1 
selected by appropriate engineering criteria, for example, where there is a 
greater presence of voids or where there are water infiltrations, or where 
there is a structural discontinuity or other condition. In this last case, the 
5 injection tubes 4 are not necessarily retracted but can be left inside the wall 
system 1, as shown in Figure 3. In this case also, it can be usefiil to measure 
the pressure and/or flow-rate of injection of the substance 5 in order to 
check that the cavities 2 are filled completely and therefore decide to 
mterrupt the injection. 
10 The pressure and flow-rate of injection can be measured constantly by 
means of a monitoring system that comprises a pressure gauge and/or a 
flow-rate measurement device 6 of a known type, which are shown 
schematically for the sake of simplicity and are arranged upstream of the 
inlet of the injection tube 4 between said inlet and the mixer, for example on 
15 an injection nozzle 7, of a kiiown type, of an injection device 8, that 
connects the mixer to the corresponding injection tube 4, so as to achieve 
complete filling of the cavities 2 before starting the retraction of tiie 
mjection tube 4 or mterrupting the injection of the substance 5. 

In particular, an example is given of the importance of the use of 
20 injection monitoring by means of tiie instiriments 6 cited above arranged on 
the injection nozzle 7. This example is given merely by way of non- 
limitative indication: assuming that the characteristics of tiie intact wall 
system are already measured and known, so tiiat the maximum pressure that 
can be withstood by the masonry, i.e., the limit bursting pressure (20 bar) 
25 divided by the safety coefficient (10), is 2 bar, tiie injection process is 
selectively performed by limiting tiie injection pressures in tiie steady state 

between 0 and 2 bar. 

As tiie injection pressures measured by tiie pressure gauge 6 vary, tiie 
retraction rate of the injection tube 4 varies proportionally. 
30 When tiie pressure measured by the pressure gauge located on tiie 
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injection nozzle is 0 bar, the injection tube 4 is retracted at the rate of 0 
meters per minute; when the pressure measured by the pressure gauge 
located on the injection nozzle tends to, but is in any case lower than, 2 bar, 
the injection tube 4 is retracted at the rate of 3 meters per minute; when the 
5 pressures measured by the pressure gauge located on the injection nozzle are 
between 0 and 2 bar, the retraction rate of the injection tube 4 varies 
proportionally between 0 and 3 meters per minute. The parameters 
described above, by way of example, can be varied even considerably as a 
fimction of the characteristics of the wall system 1 that vary. 
10 If a prolonged induction of overpressure occurs suddenly and 

instantaneously and is measured by the pressure gauge 6 located on the 
injection nozzle up to 10 bar (a value that is in any case lower than the 
bursting Ihnit pressure of the masonry) and/or if a substantial decrease or 
stoppage in delivery measured by the flow-rate measurement device occurs, 
15 a safety valve 12 or the like stops the injection stream through the feeding 
tube 14 that exits from the injection nozzle, deactivating the system and 
therefore the injection of the substance 5. The induction of overpressure 
must be lirolonged and must last generally between 2 and 10 seconds, 
depending on the type of masonry. For very rapid overpressure peaks 
20 (generally shorter than 2-10 seconds), it has been observed that the masonry 
is in any case capable of tolerating certain pressures, which are in any case 
lower than the bursting limit pressure, without necessarily undergomg 
deformation. In some cases, moreover, the occurrence of overpressure peaks 
helps to achieve more complete permeation of the voids on the part of the 
25 substance 5 in the wall system. It has been established that for substances 
whose viscosity is higher than the preferred viscosity cited above, the 
induction of overpressure produces very small benefits of higher 
permeation, offset by high risks of bursting the wall system. 

In the manner described, maximum safety is ensured and risks of 
30 collapse of the wall system are avoided, ensuring complete permeation 
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thereof. 

The flow-rate measurement device and the pressure gauge furthermore 
allow to manage the injection, avoiding excessive outflows of the substance 
5 from the wall system 1; if the dispensed flow-rate is excessively high, the 

5 injection can in fact be interrupted, checking the wall system visually or 
with destructive or non-destructive tests in order to determine whether there 
are excessive dispersions of the substance 5 outside the wall system 1. 

This selectable system to be used to control continuously the injection 
and retraction rate of the injection tubes 4 can be of the progranmiable type, 

10 so that it can be applied to wall systems that have different characteristics. 

The injection tubes 4 have, at one of their axial ends, an inlet that is 
designed to be connected to the injection nozzle 7 and, at or proximate to 
their opposite axial end, one or preferably a plurality of outlets 9 for the 
substance 5. In the case of multiple outiets, the sum of the individual 

15 passage sections of said outlets is preferably larger than the passage section 
of the inlet to which the injection nozzle is applied. This characteristic 
produces, among other effects, a greater uniformity of distribution of the 
substance 5 m the wall system 1, a lower risk of sudden increases in 
pressure caused by obstruction of the injection duct, constituted by the 

20 injection tube 4 and/or by the injection hole 3, or by the filling of sealed 
cavities present in said wall system and a reduction in the outflow rate of the 
substance 5 from the injection duct, with a consequent reduction of the risk 
of escape from the wall system 1 . 

Once injected, solely with the pressure induced by the pump, the 

25 substance 5, owing to its low viscosity (whose preferred values are cited 
above) tends to enter, before expansion, all the cavities 2 that are more 
easily accessible in the wall system and expansion starts. This behavior 
causes the controlled filling of the occupied cavities 2 and propels the 
substance 5 further into the less accessible cavities, consequently filling 

30 them. The controlled and dissipable expansion pressure of the substance 5 
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avoids significant and dangerous breakages and deformations in the wall 
system 1. All the solid elements that constitute the wall system 1 that 
surrounds the injection hole are surrounded by a film of expanded substance 
whose dimensions are substantially equal to those of the preceding empty 
5 interstices, assuredly placed under tension again. Any fluids that are present 
in cavities of the wall system are expelled by the expansion pressure of the 
substance 5, and all the stone or brick blocks that constitute the solid 
skeleton of the wall system are reaggregated without being subjected to 
excessive tensions. If the wall system is immersed in water or in the ground 
10 below the water table level, an expanding substance is used which reacts 
independently of the presence of water and is not altered by it during the 
expansion process or after consolidation has occurred. For example, the 
mentioned Uretek Hydro CP 200 A expands solely by virtue of the water 
contamed therein, since it is a halogen and totally devoid of propellant 
15 compounds such as CFCs, MFCs, HCFCs and CFs. In other words, the 
chemical reaction of expansion occurs without absorbing water from the 
surrounding environment and therefore without being damaged by said 
water or most importantly boosted uncontrollably in its expansion force. 
Moreover, said element derives from renewable and non-polluting material. 
20 It should be noted, according to the present invention, that the substance 
5 injected into the wall system according to an appropriately designed 
geometric grid automatically seeks the cavities 2 that are easier to reach 
during expansion. In this manner, the substance continues to occupy the 
cavities until they are saturated, consequently causing an overpressure and a 
25 reduction in flow-rate, which can be verified at all times by the monitoring 
system located at the injection riozzle as described above. 

Another monitoring operation tliat can be performed during use is the 
monitoring of any movements, along directions that are substantially 
perpendicular to the planes of arrangement of the two larger opposite faces 
30 of the wall system and therefore horizontally, if the wall system is vertical. 
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undergone by the wall system or by the entire outer surface of the wall 
system during the injection of the substance 5. This monitoring is optionally 
performed by using laser levels or similar instruments that are commercially 
available and are suitable to detect in real time and continuously any 

5 minimum movement of the surfaces of said wall system. 

In the presence of large or in any case appreciable cavities in the wall 
system that rise to the surface, it is possible to perform interventions prior to 
the injection of the substance 5 into the wall system. These interventions 
differ depending on whether the surface of the wall system is in contact with 

10 the ground or is exposed, i.e., its surface is free or immersed in water. In the 
first case it is possible to act beforehand, according to a known type of 
technique, with injections of expanding substances 10 that have a high 
degree of expansion and a great expansion pressure along the surface of the 
wall system directly in contact with the ground, or in the groimd at a 

15 distance that can vary from 0.20 m to 1.00 m from the surface, as shown in 
Figures 5 and 6, in order to push the soil or the injected expanding system 
toward the cavities of the wall system in order to close and block the 
openings that are present therein and rise to the surface. In the second case, 
it is possible to act along the surface of the wall system affected by the 

20 surfacing of the cavities, for example by applying a sheet of geotextile 
material 1 1 or other material and by "spray" covering it by using expanding 
substances with a high degree of expansion and rapid hardening, as shown 
in Figure 7. All this can be removed rapidly immediately after the operation 
for injection into the wall system. To achieve the goal of confinement of the 

25 wall system, it is optionally possible to use other methods, so long as they 
are capable of confining any escape of the substance 5 from the cavities that 
reach the surface of the wall system. 

In order to define precisely the center distance for performing the 
injections in the masonry, it is possible to use the system shown in Figure 8, 

30 i.e., the method of monitoring the injection performed by introducing 



closed-end flexible and deformable piezometer pipes 13 into measurement 
holes 15 made in the wall system 1 in the vicinity of the injection tube 4. 
Said piezometer pipes 13 are filled with water, and the level of the water is 
visible in the portion of the piezometer pipes 13 that protrudes upward from 
5 the wall system 1. The substance 5, during the filling of the cavities 2 that 
contain the piezometer pipes 13, by way of its expansion pressure, presses 
the walls of the piezometer pipes 13, causing the rise of the level of the 
water contained therein. This non-destructive monitoring allows to identify 
the space covered by the expanding substance inside the wall system and to 
10 design accordingly the center distance of intervention required to 
consolidate said wall system. 

This non-destructive monitoring system can be used systematically 
during the injection operations where it is important to check that the wall 
system has been permeated by the substance 5 in every cavity. 
15 At the end of the treatment, it is possible to apply to the wall system 

conventional integrity testing methods, either destructive ones such as 
coring or others or non-destructive ones such as ultrasound testing or others. 

In practice it has been found that the method according to the invention 
fully achieves the intended aim, since it allows, in a simple, rapid, effective, 
20 permanent, non-destructive and low-cost manner, to restore the structural 
integrity of deteriorated wall systems, even in the presence of water, in order 
to increase their mechanical characteristics, reduce their permeability to 
water flows, reduce their thermal conductivity, and other effects. 

The method thus conceived is susceptible of numerous modifications and 
25 variations, all of which are within the scope of the appended claims; all the 
details may further be replaced With other technically equivalent elements. 

The disclosures in Italian Patent Application No. MI2002A001995 from 
which this application claims priority are incorporated herein by reference. 



